Introduction
In the southern United States, the major niche for Brahman cattle is in crossbreeding programs that, in addition to taking advantage of heterosis, combine the tropical adaptation of Brahman with more desirable carcass qualities and reproductive efficiency of temperately adapted Bos taurus breeds. However, feeder calves phenotypically of Brahman influence are often discounted by cattle buyers.
There are alternative sources of beef cattle germplasm that are adapted to tropical environments. The Senepol is a tropically adapted Bos taurus breed developed on St. Croix that has carcass quality similar to that of Hereford (Chase et al., unpublished data) . The Tuli is a Sanga breed from Africa that is known for its hardiness and fertility (Oliver, 1983) . Crossbred Tuli steers have demonstrated greater marbling (Cundiff et al., 1994; Herring et al., 1996) and, in one of these studies, lower Warner-Bratzler shear (Cundiff et al., 1994) than crossbred Brahman steers.
In order for alternative sire breeds to be useful in crossbreeding programs in the warm areas of the United States, their crosses must display heat tolerance similar to that of Brahman crosses; this is particularly important in replacement heifers. We have demonstrated heat tolerance in Senepol crossed with Hereford (Hammond and Olson, 1994; Hammond et al., 1996) , but little information has been published with regard to Tuli crosses. Therefore, the objective of this study was to compare heat tolerance among Brahman × Angus, Senepol × Angus, and Tuli × Angus heifers under the subtropical conditions of central Florida. To the extent contemporary heifers were available, we also measured heat tolerance in the parent breeds.
Materials and Methods
Two trials were conducted, one in 1994 and one in 1995, at the Subtropical Agricultural Research Station (STARS), near Brooksville, FL, and STARS was the source of all heifers used in these trials. Location, climate, and elevation were described previously . Crossbred designations used in this article are sire breed followed by dam breed by convention. Reciprocal crosses were not produced or used in these trials.
Trial 1. One hundred eighteen heifers were used: 38
Brahman, 21 Senepol, 19 Brahman × Angus ( B × A) , 20 Senepol × Angus ( S × A) , and 20 Tuli × Angus ( T × A) . Heifers were approximately 18 mo old at the start of the trial (July 1994) and were grazed as a single herd on bahiagrass ( Paspalum notatum) pastures with free access to a mineral supplement (guaranteed analysis: NaCl, 25 to 32%; Ca, 15 to 18%; P, 5 to 8%; Fe ≥ .94%; F ≤ .15%; Cu ≥ .10%; Co ≥ .01%; and Se, .0010 to .0015%). From August 10 to November 7, heifers were moved to a higher-quality, mixed bahiagrass and rhizoma peanut ( Arachis glabrata) pasture. From November 7 through the end of the trial (December), heifers were divided in two herds (pregnant and nonpregnant) and feeding consisted of bahiagrass pasture or bahiagrass hay, minerals, and approximately 2.5 kg·heifer −1 ·d −1 of bahiagrass-rhizoma peanut hay. From weaning (September 1993) and throughout the trial, heifers were exposed to fertile Angus bulls.
Data (heifer measurements and ambient conditions) were collected on July 20, July 27, August 3, November 22, November 29, and December 6, 1994, as previously described by Hammond et al. (1996) . We anticipated that the dates selected in July and August would be typical of the hot, humid summer conditions in central Florida and that the dates selected in November and December would be typical of cooler conditions during that time of the year. Briefly, heifers were gathered in the morning and kept in holding pens with access to shade and water until worked in the afternoon. Measurements of ambient conditions included temperature, black globe temperature, and relative humidity. A temperature humidity index ( THI) was calculated (West, 1994) . Heifer measurements included order of handling, rectal temperature, respiration rate, and temperament score. Temperament was scored on a 5-point scale ( 1 = very docile, 5 = very aggressive; Hammond et al., 1996) . Blood samples were collected for analysis of packed-cell volume ( PCV) and plasma cortisol concentration by RIA. Heifer BW were obtained July 13 and November 7, and ADG was calculated for this period. Two heifers calved before November 7 and were not included in any of the analyses.
Trial 2. One hundred forty-six heifers were used: 13 Angus, 35 Brahman, 30 Senepol, 23 B × A, 17 S × A, and 28 T × A. Data collection dates for this trial were August 16, August 23, August 30, November 29, December 6, and December 13, 1995. The experimental protocol was essentially the same as that described for Trial 1. The period that heifers were on higherquality, mixed bahiagrass-rhizoma peanut pasture was July 12 to November 1. On November 1, heifers were divided into two herds (pregnant and nonpregnant) as in Trial 1. In November and December, the bahiagrass-rhizoma peanut hay was fed at a higher rate (approximately 4.5 kg·heifer −1 ·d −1 ) because it was of lower quality than the previous year. Also, heifers received 1.8 kg·heifer −1 ·d −1 of blackstrap molasses from November 30 to the end of the trial. Otherwise, grazing and feeding management was the same as in Trial 1. Heifer BW were obtained June 15 and October 4. One heifer calved before October 4 and was deleted from all of the analyses.
Statistical Analysis. Before analysis of rectal temperature, data were transformed by taking the log 10 of the difference between measured rectal temperature and 37.0°C (Turner, 1982) . For reporting purposes, least squares means also were calculated from similar analyses of untransformed data. Initial analyses were conducted as a split plot in time (appropriate for repeated measures) and revealed significant breed × date of measurement interactions for most variables. Therefore, final analyses of breed effects were conducted by date for each trial as a one-way ANOVA using the GLM procedure of SAS (1989) . Average daily gain (unadjusted) was analyzed with the same model used for the other variables and was analyzed with initial weight as a covariate (adjusted). Except for ADG and PCV, order of handling was included as a covariate when significant. In Trial 1, degrees of freedom for breed were divided into the following contrasts: Brahman vs B × A; Senepol vs S × A; T × A vs B × A; and T × A vs S × A. Purebred Angus were not included in this trial, so each sire breed, except Tuli, was contrasted with its respective cross with Angus. There were no purebred Tuli, so T × A were contrasted 
Results and Discussion
Ambient environmental conditions during both trials are given in Table 1 . Except for the last measurement date in Trial 2, temperature and humidity combined to give a THI of over 72, an index value that has been associated with heat stress and reduced milk production in dairy cows (Johnson, 1987) . Therefore, although THI was substantially higher during the July and August measurement dates (80.8 to 85.2), conditions in November and December (except December 13, 1995) were consistent with those associated with mild heat stress in cattle (THI = 73.1 to 79.9).
Trial 1. Effects of breed on rectal temperature, respiration rate, temperament score, PCV, and plasma cortisol are given in Tables 2 (July and August) and 3 (November and December). The hottest measurement date was August 3, and the coolest measurement date was December 6. There were no effects of breed on rectal temperature on the coolest date. On the hottest date, rectal temperature was not different between Brahman and B × A or between T × A and B × A, but rectal temperature was lower ( P < .05) in S × A than in either Senepol or T × A. Rectal temperature results on July 20 were similar to those for August 3, and rectal temperature results for November 22 and 29 were similar to those for December 6. Comparing July 27 to August 3, the only difference in rectal temperature was that B × A was lower ( P < .001) than Brahman. Based on these results in which rectal temperature was equal to or lower in Brahman and Senepol crossbred heifers than in purebred heifers of their heat-tolerant sire breeds, heat tolerance seems to be a dominant trait. This is consistent with our previous results on F 1 Senepol × Hereford crosses (Hammond and Olson, 1994; Hammond et al., 1996) , with the results of Frisch (1987) for Brahman crosses, and with the early observations of Bonsma et al. (1940) on F 1 Africander × Hereford crosses. Furthermore, these results suggest that F 1 Tuli crossbred heifers also are heat-tolerant because rectal temperatures were not different between T × A and B × A or between T × A and S × A, except on dates when the S × A rectal temperatures were also lower than those of the heat-tolerant purebred Senepol heifers.
We have found rectal temperature to be the most useful index of heat tolerance under our field conditions , but respiration rate can also signal heat stress when it causes panting (Bennett et al., 1985; Robertshaw, 1987) . However, there are individual (Bianca, 1963) and breed differences in respiration rate that can make interpretation difficult. Previously, we have discussed lower respiration rate, deeper respiration, and greater blood oxygen-carrying capacity as characteristics of Brahman . Consistent with this concept, respiration rate was lower ( P < .05 to .001) and PCV was higher ( P < .05 to .001) in Brahman than in B × A on all measurement dates. On Date and variable Date and variable either the hottest or the coolest measurement date, there were no other significant contrasts for respiration rate. However, on both these dates, PCV was greater in B × A than in T × A, which suggests the influence of Brahman on the PCV of B × A.
There were few differences in temperament scores among the contrasts tested. On two dates, November 22 ( P < .001) and December 6 ( P < .01), Brahman scored higher than B × A and this was associated with higher ( P < .05) plasma cortisol in Brahman than in B × A. Turner (1980) described the disposition of Zebu cattle (Brahman) as being truly different, with the ability to become aroused more quickly than Bos taurus, and Voisinet et al. (1997) reported that feedlot cattle with Brahman influence ( ≥25% Brahman) had higher temperament ratings (more excitable) than cattle with no Brahman influence. Higher ( P < .001) plasma cortisol in Senepol than in S × A on the hottest sampling date was not associated with a difference in temperament score, but it was associated with slightly higher ( P < .05) rectal temperature in Senepol than in S × A on that date. There was no difference in plasma cortisol between Senepol and S × A on the coolest measurement date. In our previous experiments , breed differences in plasma cortisol were similar between summer and winter measurement dates. Environmental heat exposure can cause a transient increase in circulating glucocorticoids that may subsequently decrease during chronic heat exposure (Christison and Johnson, 1972; Alvarez and Johnson, 1973; Rhynes and Ewing, 1973) .
In the analysis of ADG, initial BW on July 13 was used as a covariate to help avoid potential differences due to frame size and growth potential. Analysis of ADG beyond November was precluded because heifers were beginning to calve. For the period July 13 to November 7, adjusted ADG of T × A heifers was similar to that of B × A and S × A heifers (Table 2) , which suggests that gains in T × A were not compromised by heat stress even though rectal temperatures were slightly higher ( P < .05) in T × A than in S × A on the July 20 and August 3 measurement dates. Furthermore, as previously noted, rectal temperatures in S × A heifers were actually lower ( P < .05) than those in Senepol heifers on these two dates as well. Adjusted ADG in B × A was greater ( P < .05) than in Brahman as expected, but there was no significant difference in adjusted ADG between S × A and Senepol heifers. This is consistent with our inability to demonstrate heterosis in pasture gains of a small number of reciprocal crosses of Senepol and Hereford heifers . However, in a multiyear study with reciprocal crosses of Senepol and Hereford steers, we found heterosis to be substantial for feedlot gains (Chase et al., unpublished data) .
Trial 2. Results for this trial are given in Tables 4
(August measurements) and 5 (November and December measurements). As in Trial 1, there were no effects of breed on rectal temperature on the coolest date (December 13). In this trial, purebred Angus were represented, and on the hottest measurement date (August 16) rectal temperatures in Angus were higher ( P < .001) than in Brahman, Senepol, or the crossbred heifers ( B × A + S × A + T × A). This supports evidence from Trial 1 that the F 1 crossbred heifers, including T × A, are heat-tolerant. Also on the hottest measurement date, rectal temperatures in Brahman heifers were not different from those in B × A heifers and rectal temperatures in Senepol heifers were not different from those in S × A heifers. This supports the concept that heat tolerance is a dominant trait, as previously discussed. Unlike in Trial 1, we did not observe lower rectal temperatures in S × A than in Senepol heifers on any measurement date.
Respiration rate was lower ( P < .01 to .001) in Brahman than in Angus or B × A on all measurement dates. These results are consistent with Trial 1 for Brahman vs B × A and are consistent with the observations that low respiration rate is a characteristic of Brahman regardless of ambient temperature conditions. Higher ( P < .001) PCV in Brahman than in Angus on all measurement dates of this trial is consistent with the concept of higher blood oxygencarrying capacity in Brahman, but there was no difference in PCV between Brahman and B × A in this trial. On the coolest measurement date, there were no other significant contrasts for respiration rate, whereas on the hottest measurement date, Angus also had higher ( P < .001) respiration rates than Senepol and the crossbreds ( B × A + S × A + T × A). Respiration rates in Angus on the hottest date were more than twice those in Angus on the coolest date, which suggests that the heat stress in Angus on August 16 was severe enough to cause panting.
Brahman and Senepol are considered heat-tolerant breeds, but in August the difference in log 10 rectal temperature between Angus and Senepol (.06 to .17; P < .01 to P < .001) was always greater than the difference between Angus and Brahman ( 0 to .12; P > .10 to P < .001). As discussed for Trial 1, temperament may influence heat tolerance as measured by rectal temperature. In August, temperament score always was greater (less docile; P < .001) in Brahman than in Angus and there always was no difference between Senepol and Angus. To determine whether these differences in rectal temperature associated with differences in temperament score were related to a physiological measurement of stress, we monitored plasma cortisol concentrations. On two of the three August measurement dates, plasma cortisol was higher ( P < .01 to P < .001) in Brahman than in Angus, but there was no difference between Brahman and Angus on the other August measurement date. plasma cortisol was higher ( P < .05) in Senepol than in Angus. Therefore, the relationship between increased rectal temperature under heat stress and increased circulating cortisol concentration is not as clear as the relationship between increased rectal temperature under heat stress and temperament score. In the absence of heat stress, as exemplified by the coolest measurement date (December 13), significant differences in temperament score and plasma cortisol concentrations between Brahman and Angus were not associated with significant differences in rectal temperature.
Although not tested statistically, ADG for the period June 15 to October 4 in this trial were slightly lower than ADG for the period July 13 to November 7 in Trial 1. The period during which ADG were assessed was about a month earlier than in 1994 (Trial 1), but the move to higher-quality legumegrass pasture as the quality of bahiagrass pasture declined also was approximately 1 mo earlier, so this does not explain the small difference in ADG between years. As in Trial 1, adjusted ADG of B × A heifers was higher ( P < .01) than that of Brahman heifers and there was no difference between adjusted ADG of S × A heifers and Senepol heifers. Adjusted ADG was higher ( P < .01) in Brahman than in Angus, higher ( P < .001) in Senepol than in Angus, and higher ( P < .001) in crossbreds ( B × A + S × A + T × A ) than in Angus. Because differences in growth potential as a result of frame size would have been at least partially accounted for by the covariate of initial BW on June 15, a portion of the lower adjusted ADG in Angus heifers was likely due a to lack of heat tolerance. This suggests that the other breeds in this trial were heat tolerant, including the T × A.
Discussion. Tuli cattle were recently (beginning in 1946) developed from Tswana cattle in Zimbabwe, which is a Sanga breed descended from crosses between longhorn Bos taurus cattle present in Africa about 7,000 yr ago, shorthorn Bos taurus introduced about 4,500 yr ago, and Bos indicus cattle introduced about 3,500 yr ago (Oliver, 1983) . The main purported attributes of the Tuli include relatively high reproductive potential, docile temperament, and high tolerance to tropical environmental stressors. Tuli semen was made available to researchers in the United States from Australia, where embryos had been imported from Zimbabwe in 1990 (Cundiff et al., 1997) . A number of U.S. locations including STARS, representative of the hot and humid Gulf Coast region, have been involved in the evaluation of crossbred ( F 1 ) Tuli.
The importance of heat tolerance in cattle under tropical or subtropical conditions is primarily its relationship to feed intake or, under grazing conditions, grazing time. In a study involving 9 T × A, 10 B × A, and 8 Angus cows (lactating and nonlactating) in Texas, rectal temperatures obtained during early morning (early summer and late summer) were actually lower in Angus than in T × A or B × A cows (Sprinkle et al., 1996) , suggesting that excess body heat that may have accumulated in Angus during the day was effectively dissipated at night. Angus spent more time in shade during the day than did T × A or B × A, and the investigators speculated that this contributed to the lower early-morning rectal temperatures in Angus cows. During early summer (hotter maximum ambient temperatures than late summer), B × A spent more time grazing (daytime) than did T × A or Angus, but owing to the influence of nighttime grazing, there was no difference in total grazing time among breeds. Similarly, in an experiment in Florida with seven lactating Angus and seven lactating Brahman cows (five measurement dates from May to September) we found no difference in total grazing time between breeds despite higher ( P < .001) rectal temperatures in Angus cows than in Brahman cows (Bowers et al., 1995) . Angus cows grazed more at night (2100 to 0500; 2.31 vs 1.77 h; P < .001) and early morning (0400 to 0900; 2.25 vs 1.57; P < .001) than Brahman cows; Brahman grazed more at midday than Angus (1000 to 1500; 1.88 vs .96 h; P < .001). In another experiment, we observed that rectal temperature in the afternoon is negatively correlated with total grazing time in Senepol and Hereford cows (Hammond and Olson, 1994) . Moreover, we observed that total grazing time of Senepol cows was greater than total grazing time of Hereford cows despite a tendency for Hereford cows to graze more at night. In experiments with Brahman, Shorthorn, and Brahman × Hereford-Shorthorn in Australia, rectal temperature and respiration rate were positively correlated with time spent in shade and negatively correlated with time spent grazing (Bennett et al., 1985) .
In Trial 1, with initial BW as a covariate, the growth rate of T × A was not different from that of B × A or S × A. However, Tuli are small-to-moderately framed cattle and, without a correction for initial BW, the ADG of T × A was lower ( P < .05) than the ADG of B × A (Table 2) . This is consistent with our previous results (Chase et al., 1997) in which, without a correction for initial BW, we found that the postweaning growth rate of T × A heifers ranked below that of B × A and S × A heifers (Chase et al., 1997) . Similarly, Herring et al. (1996) reported that yearling BW of F 1 Tuli heifers was lower than that of F 1 Brahman heifers. These results are consistent with results on postweaning growth of bulls and feedlot gains of steers (Herring et al., 1996) . The purpose of our attempt to correct for frame size with initial BW was to highlight potential differences in rate of gain due to differences in heat tolerance. This was best illustrated in Trial 2, in which higher ( P < .001) rectal temperature in Angus heifers was associated with lower ( P < .05 to .001) adjusted ADG when contrasted with the crossbreds or heat-tolerant purebreds. During winter and without an adjustment for initial BW, we found the gain of Angus heifers to be intermediate between that of crossbred heifers ( B × A, S × A, T × A ) and heat-tolerant purebreds (Brahman, Senepol; Chase et al., 1997) .
Implications
These data imply that heat tolerances in F 1 crosses of tropically adapted breeds (Tuli, Senepol, Brahman) with a temperate breed (Angus) are similar to heat tolerances displayed by purebred tropical breeds (Senepol, Brahman) and that the Sanga breed (Tuli) or the Bos taurus breed (Senepol) could be used in crossbreeding programs as an alternative to Brahman as a source of heat tolerance.
